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USE OF SMALL MOLECULE INHIBITORS
TARGETING THE INTERACTION
BETWEEN RAC GTPASE AND P67 (PHOX)

Any and all priority claims identified in the Application
Data Sheet, or any correction thereto, are hereby incorpo-
rated by reference under 37 CFR 1.57. For example, this
application is a U.S. National Phase of International Appli-
cation No. PCT/US2013/025977, filed on Feb. 13, 2013
designating the U.S. and published on Aug. 22,2013 as WO
2013/123081, which claims the benefit of and priority to
U.S. Provisional Application No. 61/598,822, filed Feb. 14,
2012, the disclosure of which is hereby expressly incorpo-
rated by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED R&D

This invention was made with government support under
HIL099244, CA141341, and HL091805 awarded by the
National Institutes of Health. The government has certain
rights in the invention.

BACKGROUND

1. Field

The subject matter provided herein relates to inhibition of
p67°%°* protein; in particular compounds, compositions and
methods relating to inhibition of p677*°* protein.

2. Description of the Related Technology

The multicomponent nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase NOX2 enzyme complex
facilitates the production of reactive oxygen species (ROS)
to mediate innate immunity. NADPH oxidase-dependent
processes occur in many different cell types for both host
defense and intracellular signal transduction. Inappropriate
regulation of the NADPH oxidase complex has been pro-
posed to contribute to a multitude of inflammation-mediated
disorders. Biochemical studies have identified a molecular
mechanism of NOX2 regulation; its activation is dependent
on a series of protein interactions that are initiated in the
cytoplasm and translocate to the cell membrane for full
NADPH oxidase complex activation. In response to inflam-
matory stimuli, four cytosolic proteins in the “regulatory
complex,” that is, Rac1/2, p4777°* p677"°* and p40P"°~, are
translocated to the membrane, where they interact with the
plasma membrane-bound NOX2 and p227*°* subunits. One
limiting step in the assembly of this active NADPH oxidase
complex is the binding of p67phox to the activated, GTP-
bound Racl and/or Rac2. The binding of p677*°* to Racl/
2-GTP allows for the complete assembly of the complex and
activation of NOX2 NADPH oxidase.

SUMMARY

Provided are compounds, compositions and methods
relating to the inhibition to p677*°*. The compounds, com-
positions and methods provided herein include a compound
having the structure of Formula I:

or a pharmaceutically acceptable salt thereof,
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2

wherein:

L' is selected from the group consisting of C,_ alkyl, C,_¢
alkenyl, C,_s alkoxy, C,_s heteroalkyl, —CH,—C(R'®)
—N—, C,_¢ cycloalkyl, Cs_¢ cycloalkenyl, and arylal-
kyl, each optionally substituted with one or more R*4;

R'? is hydrogen or R,

L? is aryl or heteroaryl each optionally substituted with
one or more with one or more R?%;

each R' is independently selected from the group con-
sisting of hydroxy, halo, cyano, nitro, aryl, heteroaryl,
heterocyclyl, arylalkyl, heteroarylalkyl, heterocyclylal-
kyl, cycloalkyl, cycloalkenyl, (cyclolalkylalkyl,
(RYZER'““N)alkyl, (C,-C,)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro,
said aryl, heteroaryl, heterocyclyl, arylalkyl, heteroary-

lalkyl, heterocyclylalkyl, cycloalkyl, cycloalkenyl,
and (cyclolalkyl)alkyl in the definition of R are
each optionally substituted with one or more R,
each R4 is independently selected from the group con-
sisting of hydroxy, halo, cyano, nitro, aryl, heteroaryl,
heterocyclyl, arylalkyl, heteroarylalkyl, heterocyclylal-
kyl, cycloalkyl, cycloalkenyl, (cyclolalkyl)alkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cyalkoxy optionally substituted with up to 5
fluoro;

each R* is independently selected from the group con-
sisting of  hydroxy, halo, cyano, nitro,
—S(0)NR'PRC] —NHS(O) NR”R!“, —OC(=0)
NR'R'€, —NHC(=O)NR'PR'¢, —C(=0)
NR'PR'C, —NR'"PR'“, —S(0),R'”, —NHS(O),R'?,
—NHC(=0)R'P?, —OC(=0)R'P, —C(=0)R'Z,
—C(=0)OR'", hydroxy(C,-Cyalkyl, aryl, het-
eroaryl, heterocyclyl, arylalkyl, (cyclolalkyl)alkyl, (C;-
C,)cycloalkyl, (C,-Cg)alkyl optionally substituted with
up to 5 fluoro, and (C,-Cy)alkoxy optionally substituted
with up to 5 fluoro;

R!, R?, R?, and R* are each independently selected from
the group consisting of hydrogen, hydroxy, halo, cyano,
nitro, —S(0),NR'”R'¢, —NHS(0),NR'”R'“, —OC
(=O0)NR'’R'“, —NHC(=O)NR'PR!€, —C(=0)
NR'"PR'C, —NR'"PR'“, —S(0),R'”, —NHS(O),R'?,
—NHC(=O)R'”, —OC(=0)R'"”, —C(=O)R'",
—C(=0)OR"", hydroxy(C,-Cgalkyl, aryl, het-
eroaryl, heterocyclyl, arylalkyl, (cyclolalkylalkyl, (C;-
C,)cycloalkyl, (C,-Cy)alkyl optionally substituted with
up to 5 fluoro, and (C,-Cy)alkoxy optionally substituted
with up to 5 fluoro;

each NR'PR!“is independently selected, wherein R'Z and
R are each independently from the group consisting
of hydrogen, C, salkyl, aryl, arylalkyl, cycloalkyl, (cy-
clolalkyDalkyl, (R*#R*““N)alkyl, and (R'?2R'““N)
C=0)—

each R'” is independently selected from the group con-
sisting of hydroxy, aryl, heteroaryl, heterocyclyl, ary-
lalkyl, cycloalkyl, cycloalkenyl, (cyclolalkyl)alkyl,
(RYPBPR'““N)alkyl, (C,-C,)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each R'##R'““N is independently selected, wherein R'5%
and R*““ are each independently from the group con-
sisting of hydrogen, C, ,alkylOC(—O)—, C, qalkyl,
C,_salkylC(—0)—, aryl, arylalkyl, cycloalkyl, and
heterocyclyl;

X is O (oxygen), S (sulfur), N (nitrogen) or NR*';

each z is independently O, 1 or 2;



US 9,453,022 B2

3
R'! is H (hydrogen) or C,_¢ alkyl;
X2 is C (carbon), CR'?, or N (nitrogen);
R'? is H (hydrogen) or C,_¢ alkyl; and
each dashed line is an optional double bond.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-G set forth the results of microscale thermo-
phoresis demonstrating binding affinity and specificity of
Phox-I1 to p677"°*. (A) Using microscale thermophoresis,
p677%°* recombinant protein (1-200) was able to bind Phox-
11 with an Kd of ~100 nM. (B) Similar to A, the ability of
Phox-I1 to bind a recombinant mutant of p67°*°* at the site
critical for Racl-GTP binding, p67R38Q, was tested by
microscale thermophoresis. (C) Experiment described in B
was repeated with a random p6777°* mutation, R188A. (D)
Constitutively active Rac1V12 mutant protein binds p677#°~
with an Kd of ~40 nM using microscale thermophoresis. (E)
Racl wild type protein (predominantly in GDP-bound state)
cannot bind p677"°* using microscale thermophoresis. (F)
Competitive binding of p6777°* with Phox-I1 or vehicle
control, followed by titration of RacV12 protein using above
methods. (G) Phox-I1 is unable to bind RacV12 recombi-
nant protein via above technique.

FIGS. 2A-F set forth the experimental results demonstrat-
ing that fMLP-stimulated ROS production is abrogated by
Phox-11 in human HL-60 cells and primary murine neutro-
phils. (A) Ability of Phox-I1 to inhibit ROS production in
fMLP-stimulated differentiated HL.-60 cells as compared to
standard ROS inhibitors was assessed by H2-DCFDA stain-
ing and FACS analysis. Levels of ROS production in non-
fMLP treated controls were subtracted from all samples,
data was then normalized to fMLP-stimulated vehicle
treated control. (B) Experiment described in A was repeated
with primary murine neutrophils. (C) As described in A,
HL-60 cells were treated with various concentrations of
Phox-I1 and an IC50 curve was generated. (D) Dose
response of fMLP-induced ROS production to Phox-I1 by
primary human neutrophils. Levels of ROS production in
non-fMLP or fMLP-stimulated human neutrophils were
assayed by the luminol chemiluminescence method in
increasing concentrations of Phox-11. Data was normalized
to tMLP-stimulated vehicle treated control. (E) Effect of
Phox-I on glucose oxidase-generated ROS. (F) Effect of
Phox-I11 on PMA induced ROS production in human neu-
trophils assayed by the luminol chemiluminescence method.

FIGS. 3A-H set forth experimental results demonstrating
that Phox-I1-analog analysis yields compounds with
improved or similar cellular ROS inhibitory activity. (A)
List of analogs derived from a search of the UCDDC and
ZINC compound libraries for Phox-I1-like structures with
medicinal chemistry features. (B) H2-DCFDA staining in
fMLP-stimulated dHL-60 cells treated with Phox-I1 ana-
logs. Analog 4, 10 and 16 (Phox-12) all display improved
ROS inhibition over Phox1. (C) Freshly isolated primary
murine neutrophils were stimulated with fMLP to initiate
ROS production, cells were then treated with DMSO con-
trol, DPI, Phox-I1, or Phox-12 and a Nitroblue tetrazolium
(NBT) assay was performed and imaged (left panel). Blue
stain is superoxide anion, pink stain is neutrophil nucleus.
Cells displaying ROS production were quantified from the
images and non-fMLP treated ROS levels were subtracted
prior to normalization to vehicle control treated sample
(right panel). (D) Using microscale thermophoresis, p677*°*
protein binds to Phox-12 with high affinity. (E) IC50 for
Phox-12 was assayed by H2-DCFDA ROS production
method in dHL-60 cells. (F) Phox-I12 dosage response of
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ROS production in human neutrophils assayed by luminol
chemiluminescence. (G) As a negative control, Analog 13
was unable to bind p677*°*. (H) Analog 13 showed no
cellular ROS inhibitory activity in HL-60 cells.

FIGS. 4A-G set forth data demonstrating that Phox-I1 and
Phox-12 show undetectable toxicity and site effects. (A)
Apoptosis analysis by FACS of HL-60 cells treated with
compound or vehicle control for 2 hours prior to 7-AAD and
Annexin V staining. (B) HL-60 cells from A were harvested
and lysates were immunoblotted for levels of pPAK, and
actin was used as a control for loading. (C) F-actin reorga-
nization in freshly isolated fMLP-stimulated primary murine
neutrophils was analyzed. Representative images (left panel)
and quantification (right panel) are displayed. Treatment
with Analog 13 is included as a “dead analog” that possesses
no intrinsic ROS inhibitory activity, and nocodazole is
included as a positive control for actin disruption. Cells were
exposed to a 10 uM dose of Phox-11, Phox-12, and Analog
13, and 200 nM nocodazole. (D) The effect of Phox-I on
NOX4 mediated ROS production was tested in primary
murine neutrophils transfected with a NOX4 expressing
plasmid. 10 pM Phox-11 was applied to the cells for 30 min
prior to ROS assay by luminol chemiluminescence in the
presence of HRP. The fMLP-stimulated ROS activity in the
presence or absence of 10 uM Phox-I1 was measured in
parallel. (E) The antioxidant abilities of these lead com-
pounds were tested by prestimulating dHL-60 cells with
fMLP for 30 minutes prior to treatment with Phox-I1 or
Phox-12. Levels of superoxide were analyzed by DCFDA
assay and FACS. NAC, apocyanin, DPI, and NSC23766
treated cells served as controls. (F) For affinity assay,
DMSO-differentiated HL-60 cells were treated with stan-
dard effective dose of indicated compound for 2 hours,
washed, and allowed to recover in normal media for 4 hours
or 2 hours prior to fMLP stimulation and DCFDA ROS
production assay by FACS analysis. (G) For stability assay,
DMSO-differentiated HL-60 cells were treated with 20 uM
dose of compound for the indicated time period prior to
fMLP stimulation and DCFDA ROS production assay by
FACS analysis. 30 minute and 18 hour time periods are not
displayed because they revealed no ROS inhibition.

FIGS. 5A-C set forth medicinal chemistry variation of
Phox-12. (A) Compounds with similar structures to Phox-12
were synthesized and broken down into 4 different catego-
ries; 1. NO2 position scan, 2. NO2 substitution, 3. Addition
of an aromatic ring (rendering it similar to Phox1), 4.
Aromatic Phox2. (B) DCFDA FACS analysis was per-
formed using differentiated HL.-60 cells treated for 2 hours
with compounds from A prior to stimulation with fMLP. (C)
Freshly isolated primary murine neutrophils were stimulated
with fMLP to initiate ROS production, cells were then
treated with DMSO control, DPI, Phox-12, Analogs 20, 21,
22, 23. A Nitroblue tetrazolium assay was performed and
imaged in order to quantitate superoxide inhibition. Non-
fMLP treated ROS levels were subtracted prior to normal-
ization to vehicle control treated sample.

FIG. 6 is a graph showing that Phox-11 and Phox-12 do not
affect xanthine oxidase mediated ROS production.

FIG. 7 is a graph showing dose-dependent inhibition of
reconstituted NOX2 activity by Phox-12.

FIG. 8. Treatment with compound 100 suppresses lipid
oxidation in lung tissues. Mice were challenged with LPS or
vehicle via intratracheal administration and treated or not
with compound 100 (indicated as “NOX2-I"; 5 mg/kg, 3
injections every 8 hours). (A) Isoprostane, as an indication
of ROS production, was measured in lung homogenates 24
hours following LPS challenge by ELISA. (B) Lung histol-
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ogy was performed 24 hours after LPS challenge. (n=3 mice
per group). Representative images of histology are shown.

FIG. 9 sets forth experimental results demonstrating that
compounds 101-108 have ROS inhibitory activity. Freshly
isolated primary murine neutrophils were unstimulated or
stimulated with fMLP to initiate ROS production, cells with
stimulated primary murine neutrophil cells were either a
control, or each treated with a compound where each of
compound 101-108 was added to a separate cell and a
Nitroblue tetrazolium (NBT) assay was performed. ROS
production was quantified in the cells.

FIG. 10 sets forth experimental results demonstrating that
compounds 101, 104, 103, and 105 have ROS inhibitory
activity. The histograms show the inhibitory activities of the
compounds, assayed by a NBT readout. The percent of NBT
positive cells is shown, indicating positive ROS production.
fMLP and DPI were used as positive and negative controls.
Each compound was used at 0.1 to 10 pM.

DETAILED DESCRIPTION

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
embodiments claimed. In this application, the use of the
singular includes the plural unless specifically stated other-
wise. In this application, the use of “or” means “and/or”
unless stated otherwise. Furthermore, use of the term
“including” as well as other forms, such as “includes,” and
“included,” is not limiting.

The section headings used herein are for organizational
purposes only and are not to be construed as limiting the
subject matter described. All documents, or portions of
documents, cited in the application including, but not limited
to, patents, patent applications, articles, books, manuals, and
treatises are hereby expressly incorporated by reference in
their entirety for any purpose.

In certain embodiments a compound is provided having
the structure of Formula I:

or a pharmaceutically acceptable salt thereof,

wherein:

L' is selected from the group consisting of C,_¢ alkyl, C;_¢
alkenyl, C,_s alkoxy, C,_s heteroalkyl, —CH,—C(R'®)
—N—, C,_; cycloalkyl, Cs_¢ cycloalkenyl, and arylal-
kyl, each optionally substituted with one or more R'<;

L7 is

RY

RS
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-continued
R19
RIS
AN
Rl 6 N/ Rl 7;

R'? is hydrogen or R,
R' is hydroxy, halo, cyano, nitro, aryl, heteroaryl, het-

erocyclyl, arylalkyl, heteroarylalkyl, heterocyclylalkyl,

cycloalkyl, cycloalkenyl, (cyclolalkyDalkyl,

(RYZER'““N)alkyl, (C,-C,)alkyl optionally substituted

with up to 5 fluoro, and (C,-Cy)alkoxy optionally

substituted with up to 5 fluoro,

said aryl, heteroaryl, heterocyclyl, arylalkyl, heteroary-
lalkyl, heterocyclylalkyl, cycloalkyl, cycloalkenyl,
and (cyclolalkyl)alkyl in the definition of R are
each optionally substituted with one or more R*44;

each R4 is independently selected from the group con-

sisting of hydroxy, halo, cyano, nitro, aryl, heteroaryl,
heterocyclyl, arylalkyl, heteroarylalkyl, heterocyclylal-
kyl, cycloalkyl, cycloalkenyl, (cyclolalkyl)alkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cyalkoxy optionally substituted with up to 5
fluoro;

R! is selected from the group consisting of hydrogen,

hydroxy, halo, cyano, nitro, —S(O),NR'ZR*¢, —NHS
(O)NR'PR'¢, —OC(=0)NR'PR'“, —NHC(=0)
NRIZRL C, —C(:O)NRlBRlc, —NRlBRIC,
—S8(0),R'P, —NHS(0),R”, —NHC(=O)R'”, —OC
(=O)R'?, —C(=0)R'P, —C(—=0)OR'P, hydroxy
(C,-Cyalkyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
(cyclolalkyl)alkyl, (C;-C,)cycloalkyl, (C,-Cy)alkyl
optionally substituted with up to 5 fluoro, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;

R? is selected from the group consisting of fluoro, bromo,

—S(0),NR'PR'C, —NHS(0),NR'"R'®, —OC(=0)
NR¥R!C, —NHC(=0)NR'’R'¢, —S(O),R'"P, —OC
(=0)R'Z, hydroxy(C,-Cy)alkyl, aryl, heteroaryl, het-
erocyclyl, arylalkyl, (cyclolalkyDalkyl, (C;-C,)
cycloalkyl, (C,-Cy)alkyl optionally substituted with up
to 5 fluoro, and (C,-Cy)alkoxy optionally substituted
with up to 5 fluoro;

R? is selected from the group consisting of hydrogen,

hydroxy, halo, cyano, nitro, —S(O),NR'ZR*¢, —NHS
(O)NR'PR'C,  —OC(=O)NR'"PR'“, —NHC(=0)
NR!PR'C, —C(=O)NR'PR!“, —NR'PR! —S(0),
R'Z, —NHS(O)R'?, —NHC(=0)R'", —OC(=0)
R'P, —C(=0)R'P, —C(=0)OR*?, hydroxy(C,-Cy)
alkyl, aryl, heteroaryl, heterocyclyl, arylalkyl, (cyclo-
lalkylalkyl, (C5-C,)cycloalkyl, (C,-Cyalkyl
optionally substituted with up to 5 fluoro, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;

R* is selected from the group consisting of hydrogen,

hydroxy, cyano, nitro, —S(0),NR'PR'€,
—NHS(0).NR'PR'“, —OC(=O)NR'’R'“, —NHC
(:O)NRIBRI C, fc(:O)NRlBRl C, fNRlBRIC,
—S(0),R'P, —NHS(O)R'?, —NHC(=0)R'”, —OC
(=O)R'?, —C(=0)R'P, —C(—0)OR'P, hydroxy
(C,-Cyalkyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
(cyclolalkyl)alkyl, (C;-C,)cycloalkyl, (C,-Cy)alkyl
optionally substituted with up to 5 fluoro, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;

each NR'ZR!“ is independently selected, wherein R'% and

R are each independently from the group consisting
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of hydrogen, C, salkyl, aryl, arylalkyl, cycloalkyl, (cy-
clolalkyl)alkyl, (R'¥#R*““N)alkyl, and (R'®ZR'““N)
C(=0)—

R'? is independently selected from the group consisting
of hydroxy, aryl, heteroaryl, heterocyclyl, arylalkyl,
cycloalkyl, cycloalkenyl, (cyclolalkylalkyl,
(RYPBER'““N)alkyl, (C,-Cy)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each R'#PR““N is independently selected, wherein R'%?
and R'““ are each independently from the group con-
sisting of hydrogen, C, calkylOC(—0)—, C,_calkyl,
C,_¢alkylC(—0)—, aryl, arylalkyl, cycloalkyl, and
heterocyclyl;

R® is selected from the group consisting of hydrogen,
hydroxy, fluoro, cyano, —S(0O),NR' R,
—NHS(O),NR'RY, —OC(=O)NR'*R'*, —NHC

(:O)NRIERIF, _C (:O)NRIERlF, — NR'“R7,
—§(O)L.R'®, —NHS(O).R'®, —NHC(—O)R'®,
—OC(—O)R'®, —C(—=O)R'®, —C(—O)OR'?,

hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;5-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C5-Cy)alkoxy optionally substituted with up to 5
fluoro;

R® is selected from the group consisting of hydrogen,
hydroxy, fluoro, cyano, —S(0O),NR' R,
—NHS(O),NR'RY, —OC(=O)NR'*R'*, —NHC

(—ONR“RY¥, —C(—O)NR“YR'¥,  NR“R'7,
—S(O)R'®, —NHS(O)R'®, —NHC(—O)R'®,
—OC(—=O)R'®, —C(=O)R'°, —C(=0)OR'C,

hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R7 is selected from the group consisting of hydrogen,
fluoro, cyano, nitro, —S(0O),NR' R,
—NHS(0).NR'"*R'F, —OC(=O)NR'*R'F, —NHC
(:O)NRlERIF, fc(:O)NRlERlF, 7NR1ER1F,
—NHS(0).R'®, —NHC(=O0)R'®, —OC(=O0)R'C,
hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;5-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C5-Cy)alkoxy optionally substituted with up to 5
fluoro;

R® is selected from the group consisting of hydrogen,
hydroxy, fluoro, cyano, —S(0O),NR' R,
—NHS(0).NR'"*R'*, —OC(=O)NR'*R'¥, —NHC

(:O)NRlERIF, fc(:O)NRlERlF, 7NR1ER1F,
—S(O),R', _NHS(O),R'®, — NHC(—O)R'®,
—OC(=O)R'®, —C(—O)R!S, —C(—0)OR'F,

hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkyl)alkyl, (C,-Cyalkyl optionally
substituted with up to 5 fluoro, and (C,-Cy)alkoxy
optionally substituted with up to 5 fluoro;

R® is selected from the group consisting of hydrogen,
hydroxy, fluoro, cyano, —S(0O),NR' R,
—NHS(O),NR'RY, —OC(=O)NR'*R*, —NHC

(—ONR'¥RY, —C(—O)NR“YR'”, —NR“R,
—S(O).R!C, —NHS(O)R'®, —NHC(—O)R'®,
—OC(=O)R'®, —C(=O)R'®, —C(=0)OR'?,

hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;5-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
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(C5-Cy)alkoxy optionally substituted with up to 5
fluoro, wherein one or more of R®, RS, R7, R®, and R®
is not hydrogen or methyl;

each NR'*R'7 is independently selected, wherein R'Z and
R are each independently from the group consisting
of hydrogen, C, salkyl, aryl, arylalkyl, cycloalkyl, (cy-
clolalkyDalkyl, (R**R**N)alkyl, and (R**“R“¥7N)C
=0)—;

R'€ is independently selected from the group consisting
of hydroxy, aryl, heteroaryl, heterocyclyl, arylalkyl,
cycloalkyl, cycloalkenyl, (cyclolalkyDalkyl,
(REEFRYF N)alkyl, (C,-Cy)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each R RN is independently selected, wherein R**%
and R are each independently from the group con-
sisting of hydrogen, C, calkylOC(—O0)—, C, qalkyl,
C, calkylC(—O)—, aryl, arylalkyl, cycloalkyl, and
heterocyclyl;

X is O (oxygen), S (sulfur), N (nitrogen) or NR*';

each z is independently O, 1 or 2;

R is H (hydrogen) or C,_ alkyl;

X? is C (carbon), CR'?, or N (nitrogen);

R!'? is H (hydrogen) or C,_4 alkyl;

R'® and R'* are each independently selected from the
group consisting of hydrogen, hydroxy, halo, cyano,
nitro, —S(0) NR*R'¥, —NHS(O) NR'*R'*, —OC
(=O)NR'*R'", —NHC(=O)NR'*R', —C(=0)
NR'2R'F, —NR'"PR'F, —S(0),R'°, —NHS(O),R',
—NHC(=0)R'®, —OC(=0)R'“, —C(=0O)R*C,
—C(=0)OR'“ hydroxy(C, -C)alkyl, aryl, heteroaryl,
heterocyclyl, arylalkyl, (cyclolalkyl)alkyl, (C5-C;)cy-
cloalkyl, (C,-Cy)alkyl optionally substituted with up to
5 fluoro, and (C, -Cy)alkoxy optionally substituted with
up to 5 fluoro;

R'® is halo;

R'®, R', R'®, and R'? are each independently selected
from the group consisting of hydrogen, hydroxy, halo,
cyano, nitro, —S(0) NR'#R'¥| —NHS(O) NR'#R'F,
—OC(=0O)NR'*R'* —NHC(=O)NR'#R'7
—C(=0)NR'RY, —NR'¥R'¥ —S(0)R'¢, —NHS
(O),R'C, —NHC(=O0)R', —OC(=0)R'°,
—C(=0)R'°, —C(=0)OR'“, hydroxy(C,-C,)alkyl,
aryl, heteroaryl, heterocyclyl, arylalkyl, (cyclolalkyl)
alkyl, (C;-C,)cycloalkyl, (C,-Cy)alkyl optionally sub-
stituted with up to 5 fluoro, and (C,-Cy)alkoxy option-
ally substituted with up to 5 fluoro wherein one or more
of R*S, R'7, R'®, and R'? is not hydrogen; and

each dashed line is an optional double bond.

In certain embodiments a compound is provided having

the structure of Formula I:

a pharmaceutically acceptable salt thereof,

wherein:

L' is selected from the group consisting of C,_4 alkyl, C;_¢
alkenyl, C,_5 alkoxy, C,_s heteroalkyl, —CH,—C(R'°)



US 9,453,022 B2

9
—N—, C,_; cycloalkyl, Cs_¢ cycloalkenyl, and arylal-
kyl, each optionally substituted with one or more R'4;
[7is

R®
RS S
| / RIS
RI3
RS R7, R4 > or
RS
RI®
RIS
AN
RI6 N/ RV:

R'° is hydrogen or R4,

R'“ is hydroxy, halo, cyano, nitro, aryl, heteroaryl, het-
erocyclyl, arylalkyl, heteroarylalkyl, heterocyclylalkyl,
cycloalkyl, cycloalkenyl, (cyclolalkylalkyl,
(RYPBER'““N)alkyl, (C,-Cy)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro,
said aryl, heteroaryl, heterocyclyl, arylalkyl, heteroary-

lalkyl, heterocyclylalkyl, cycloalkyl, cycloalkenyl,
and (cyclolalkyl)alkyl in the definition of R4 are
each optionally substituted with one or more R**<;
each R4 is independently selected from the group con-
sisting of hydroxy, halo, cyano, nitro, aryl, heteroaryl,
heterocyclyl, arylalkyl, heteroarylalkyl, heterocyclylal-
kyl, cycloalkyl, cycloalkenyl, (cyclolalkyl)alkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R! is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(0O),NR'ZR*“, —NHS
(O)NR'PR!¢, —OC(=0)NR'’R'¢, —NHC(=0)
NR!PR'C, —C(=O)NR'PR!“, —NR'PR! —S(0),
R'Z, —NHS(O),R'?, —NHC(=0)R'", —OC(=0)
R'P, —C(=0O)R'P, —C(=0)OR'?, hydroxy(C,-Cy)
alkyl, aryl, heteroaryl, heterocyclyl, arylalkyl, (cyclo-
lalkyl)alkyl, (C5-C,)cycloalkyl, (C,-Cyalkyl
optionally substituted with up to 5 fluoro, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;

R? is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O),NR'ZR*, —NHS
(O)NR'PR'C,  —OC(=O)NR'"PR'“, —NHC(=0)
NR'"PR'C, —NR'PR'“, —S§(0O) R'P, —NHS(O),R'?,
—NHC(=0)R'P, —OC(=0)R'?, hydroxy(C,-Cy)
alkyl, aryl, heteroaryl, heterocyclyl, arylalkyl, (cyclo-
lalkylalkyl, (C;-C,)cycloalkyl, (C,-Cy)alkyl option-
ally substituted with up to 5 fluoro, and (C,-Cy)alkoxy
optionally substituted with up to 5 fluoro;

R? is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O),NR'ZR*, —NHS
(O)NR'PR'C,  —OC(=O)NR'PR'“, —NHC(=0)
NRIBRIC, 4C(:O)NRIBR1C, 7NRIBR1C,
—S(O)R'"”,  —NHS(O),R'”?, —NHC(=O)R'?,
—OC(=0)R'"?, —C(=O)R'P, —C(=0)OR'",
hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;5-C,)cycloalkyl, (C,-
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Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R* is selected from the group consisting of hydrogen,
hydroxy, cyano, nitro, —S(0),NR'PR*“,
—NHS(0).NR'PR'“, —OC(=O)NR'’R'“, —NHC
(:O)NRIBRI C, fc(:O)NRlBRl C, fNRlBRIC,
—S(O),R'"”, —NHS(O),R'”, —NHC(=O)R'?,
—OC(=0)R'?, —C(=O0)R'P", —C(=0)OR'Z,
hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cyalkoxy optionally substituted with up to 5
fluoro;

each NR'R!“is independently selected, wherein R'Z and
R are each independently from the group consisting
of hydrogen, C, salkyl, aryl, arylalkyl, cycloalkyl, (cy-
clolalkylalkyl, (R"”PR'““N)alkyl, and (R'#”R'““N)
C(=0)—

R'? is independently selected from the group consisting
of hydroxy, aryl, heteroaryl, heterocyclyl, arylalkyl,
cycloalkyl, cycloalkenyl, (cyclolalkyDalkyl,
(RPERI““N)alkyl, (C,-C,)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each R'##R'““N is independently selected, wherein R'5%
and R*““ are each independently from the group con-
sisting of hydrogen, C, ,alkylOC(—O)—, C, qalkyl,
C,_salkylC(—0)—, aryl, arylalkyl, cycloalkyl, and

heterocyclyl;
R’ is selected from the group consisting of hydrogen,
hydroxy, fluoro, cyano, —S(0),NR' R,

—NHS(O),NR'RY, —OC(=O)NR'*R**, —NHC
(:O)NRIERlF, —C(:O)NRlERIF, _NR'FR'Z,
—S(0),R'¢,  —NHS(O),R'®, —NHC(=0)R'C,
—OC(=0)R'®, —C(=O)R'°, —C(=0)OR'C,
hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;-C,)cycloalkyl, (C;-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R® is selected from the group consisting of hydroxy,
fluoro, cyano, —S(O),NR'¥ R —NHS(O),NR'*R'7,

—OC(—O)NR'*R, — NHC(—O)NR'“R'7,
—C(—O)NR' R, —NR'¥R'¥, —§(0).R'°, —NHS
(O)R'®, —NHC(=O)R'®, —OC(=O)R',

—C(=0)R'“, —C(=0)OR'“, hydroxy(C,-C,)alkyl,
aryl, heteroaryl, heterocyclyl, arylalkyl, (cyclolalkyl)
alkyl, (C5-C,)cycloalkyl, (C,-Cyalkyl, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;

R7 is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O),NR*ZR'Z, —NHS
(O)NR' R, —OC(=O)NR'*R'", —NHC(=0)
NRIERlF, fc(:O)NRlERlF, 7NR1ER1F,
—S(0O),R'®, —NHS(O),R'®, —NHC(=O)R'C,
—OC(=0)R'°, —C(=O0O)R'°, —C(=0)OR'?,
hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cyalkoxy optionally substituted with up to 5
fluoro;

R® is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O) NR**R'*| —NHS
(O)NR' R, —OC(=O)NR'*R'", —NHC(=0)
NRlERlF, —C(:O)NRIERlF, 7NR1ER1F,
—S(0),R'¢,  —NHS(O),R'®, —NHC(=0O)R'C,
—OC(=0)R'®, —C(=O)R'°, —C(=0)OR'C,
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hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C,-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(Q),NR'*R'*, —NHS
(O)NRYRY, —OC(=0)NR'R'F, —NHC(=0)

NRIERYF _C (:O)NRIERlF, _ NR'“R7
—§(O).R'®, —NHS(O).R'®, —NHC(—O)R'®,
—OC(—O)R'®, —C(—=O)R'®, —C(—O)OR'?,

hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;5-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

each NR'*R'? is independently selected, wherein R*Z and
R'Z are each independently from the group consisting
of hydrogen, C, salkyl, aryl, arylalkyl, cycloalkyl, (cy-
clolalkylalkyl, (R*¥*R¥**N)alkyl, and (R**ER¥FN)C
=0)—;

R'€ is independently selected from the group consisting
of hydroxy, aryl, heteroaryl, heterocyclyl, arylalkyl,
cycloalkyl, cycloalkenyl, (cyclolalkylalkyl,
(REERYFN)alkyl, (C,-Cy)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each R™*# R N is independently selected, wherein R**
and R*7 are each independently from the group con-
sisting of hydrogen, C, calkylOC(—0)—, C,_calkyl,
C, calkylC(—O)—, aryl, arylalkyl, cycloalkyl, and
heterocyclyl;

X is O (oxygen), S (sulfur), N (nitrogen) or NR'*;

each z is independently 0, 1 or 2;

R'! is H (hydrogen) or C,_¢ alkyl;

X2 is C (carbon), CR'?, or N (nitrogen);

R'? is H (hydrogen) or C,_, alkyl;

R'?, and R'* are each independently selected from the
group consisting of hydrogen, hydroxy, halo, cyano,
nitro, —S(0) NR*2R'F, —NHS(O) NR'**R'*, —OC
(=O)NR'*R'Y, —NHC(=O)NR'*R', —C(=0)
NR'"R', —NR"R'F, —S(0),R'°, —NHS(O),R',
—NHC(=0)R'®, —OC(=0)R'®, —C(=0O)R'C,
—C(=0)OR'®, hydroxy(C,-Cyalkyl, aryl, het-
eroaryl, heterocyclyl, arylalkyl, (cyclolalkyl)alkyl, (C;-
C,)cycloalkyl, (C,-Cg)alkyl optionally substituted with
up to 5 fluoro, and (C, -C)alkoxy optionally substituted
with up to 5 fluoro;

R'® is halo;

R'¢, R'7, R*®, and R'? are each independently selected
from the group consisting of hydrogen, hydroxy, halo,
cyano, nitro, —S(0) NR**R'¥ —NHS(O) NR'#R'7,
—OC(=0O)NR'*R'* —NHC(=O)NR'*R'7
—C(=0)NR™RY  —NR*¥R'¥ —S§(0) R'¢, —NHS
(O),R'C, —NHC(=O0)R', —OC(=0)R'°,
—C(=0)R'°, —C(=0)OR'“, hydroxy(C,-C,)alkyl,
aryl, heteroaryl, heterocyclyl, arylalkyl, (cyclolalkyl)
alkyl, (C;-C,)cycloalkyl, (C,-Cy)alkyl optionally sub-
stituted with up to 5 fluoro, and (C,-C)alkoxy option-
ally substituted with up to 5 fluoro wherein one or more
of R'S, R'7, R'®, and R'? is not hydrogen; and

each dashed line is an optional double bond.

In certain embodiments a pharmaceutical composition is

provided comprising a pharmaceutically acceptable excipi-
ent, and a compound having the structure of Formula I:
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or a pharmaceutically acceptable salt thereof,

wherein:

L' is selected from the group consisting of C,_4 alkyl, C,_¢
alkenyl, C,_5 alkoxy, C,_s heteroalkyl, —CH,—C(R'°)
—N—, C,_, cycloalkyl, C,_ cycloalkenyl, and arylal-
kyl, each optionally substituted with one or more R'%;

L?is
R
RS S
| / RIS
R
R’ R, R4
9
RIS
RY7:

’ or

RS

Rl
E\/(%i
RI6 N/

R'? is hydrogen or R,

each R' is independently selected from the group con-
sisting of hydroxy, halo, cyano, nitro, aryl, heteroaryl,
heterocyclyl, arylalkyl, heteroarylalkyl, heterocyclylal-
kyl, cycloalkyl, cycloalkenyl, (cyclolalkylalkyl,
(RYPER““N)alkyl, (C,-C,)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro,
said aryl, heteroaryl, heterocyclyl, arylalkyl, heteroary-

lalkyl, heterocyclylalkyl, cycloalkyl, cycloalkenyl,
and (cyclolalkyl)alkyl in the definition of R are
each optionally substituted with one or more R4,
each R** is independently selected from the group con-
sisting of hydroxy, halo, cyano, nitro, aryl, heteroaryl,
heterocyclyl, arylalkyl, heteroarylalkyl, heterocyclylal-
kyl, cycloalkyl, cycloalkenyl, (cyclolalkyl)alkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cyalkoxy optionally substituted with up to 5
fluoro;

R! is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O),NR'ZR*¢, —NHS
(O)NR'PR'C,  —OC(=O)NR'"PR'“, —NHC(=0)
NR'"PR'C, —C(=O)NR'’R'®, —NR'’R'“, —S(0),
R'P, —NHS(O),R'?, —NHC(=0O)R'P, —OC(=0)
R'P, —C(=0)R'P, —C(=0)OR'?, hydroxy(C,-Cy)
alkyl, aryl, heteroaryl, heterocyclyl, arylalkyl, (cyclo-
lalkylalkyl, (C5-C,)cycloalkyl, (C,-Cyalkyl
optionally substituted with up to 5 fluoro, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;

R? is selected from the group consisting of hydrogen,
fluoro, bromo, —S(O)NRPR'“, —NHS(O),
NR'"R',  —OC(=O0O)NR'’R'C, —NHC(=0)



US 9,453,022 B2

13

NR'"PR'¢, —S8(0),R'P, —OC(=0)R'?, hydroxy(C,-
Cyalkyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
(cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-Cy)alkyl
optionally substituted with up to 5 fluoro, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;

R? is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O),NR'ZR*¢, —NHS
(O)NR'PR'C,  —OC(=O)NR'"PR'“, —NHC(=0)

NRlBRl C, 4C(:O)NRIBR1C, 7NRIBR1C,
—S(O).R'”, _NHS(O),R'”, —NHC(—OR',
—OC(—=O)R'", —C(=OR'®, —C(—0)OR',

hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;5-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R* is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(0),NR'ZR*“, —NHS
(O),NR'PR'¢, —OC(=0)NR'’R'“, —NHC(=0)

NRZRIC, —C(:O)NRlBRlc, _ NR!MRIC
—§(O).R'”, —NHS(O),R'”, —NHC(—O)R'?,
—OC(—O)R'"’, —C(—=O)R*’, —C(—O)OR?”,

hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;5-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro, wherein R? or R* is not hydrogen;

each NR'ZR'“ is independently selected, wherein R'Z and
R'“ are each independently from the group consisting
of hydrogen, C, .alkyl, aryl, arylalkyl, cycloalkyl, (cy-
clolalkyDalkyl, (R*?#R*““N)alkyl, and (R'?ZR'““N)
C(=0)y—

each R'? is independently selected from the group con-
sisting of hydroxy, aryl, heteroaryl, heterocyclyl, ary-
lalkyl, cycloalkyl, cycloalkenyl, (cyclolalkyl)alkyl,
(RYPBR'““N)alkyl, (C,-C)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each R*” is independently selected from the group con-
sisting of hydroxy, aryl, heteroaryl, heterocyclyl, ary-
lalkyl, cycloalkyl, cycloalkenyl, (cyclolalkyl)alkyl,
(RPBRI““N)alkyl, (C,-C,)alkyl substituted with up to
5 fluoro, and (C,-Cy)alkoxy substituted with up to 5
fluoro;

each R'7ZR*““N is independently selected, wherein R'%%
and R*““ are each independently from the group con-
sisting of hydrogen, C,_.alkylOC(—O)—, C, alkyl,
C,_¢alkylC(—0)—, aryl, arylalkyl, cycloalkyl, and
heterocyclyl;

R® is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(Q),NR'*R'*, —NHS

(O).NR'ZR'¥| —OC(=—O)NR'®R'?, —NHC(—O0)
NRIERYF _C (:O)NRIERlF, — NRM“R7
—§(O).R'Y, —NHS(O),R'®, —NHC(—O)R'?,
—OC(—O)R'®, —C(=O)R'®, —C(—O)OR'?,

hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;5-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R® is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(Q),NR'*R'*, —NHS
(O)NRYRY, —OC(=0)NR'R'F, —NHC(=0)

NRIERYF, _C (:O)NRIERlF, — NRM“R7
—§(O).R'®, —NHS(O).R'®, —NHC(—O)R'®,
—OC(—O)R'®, —C(—=O)R'®, —C(—O)OR'?,

hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
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arylalkyl, (cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cyalkoxy optionally substituted with up to 5
fluoro;

R7 is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O) NRZR'Z, —NHS
(O) NR'#R'7 ADC(:O)NRlERﬁF , —NHC(=0)

NRIERlF, fc(:O)NRlERlF, 7NR1ER1F,
—S(0).R'°, NHS(O),R'®, —NHC(—O)R'®,
—OC(=O)R'®, —C(—O)R'C, —C(—O0)OR'F,

hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C,-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R® is selected from the group consisting of derogen,
hydroxy, halo, cyano, nitro, —S(Q).NR'*R'*, —NHS
(O),NRER' ADC(:O)NRlERiF , —NHC(=O

NRIERLE, — C(—O)NR'“R'7, _ NRM¥RZ,
—S(O)R'®, —NHS(O)R'®, —NHC(=OR'?,
—OC(—-O)R'®, —C(OR'®, —C(—O)OR'?,

hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C,-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R® is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O) ,NR*ZR'Z, —NHS

(O)NR'R'Y, " OC(—O)NR'*R', — NHC(—0)
NRIERlF, fc(:O)NRlERlF, NRIERIF,
—S(0).R'°, NHS(O),R'®, —NHC(—O)R'®,
—OC(=O)R'®, —C(—O)R'C, —C(—O0)OR'F,

hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cyalkoxy optionally substituted with up to 5
fluoro;

each NR'*R'7 is independently selected, wherein R'Z and
R'Z are each independently from the group consisting
of hydrogen, C, salkyl, aryl, arylalkyl, cycloalkyl, (cy-
clolalkyDalkyl, (R**R***N)alkyl, and (R**“R“"N)C

R'€ is independently selected from the group consisting
of hydroxy, aryl, heteroaryl, heterocyclyl, arylalkyl,
cycloalkzl, cycloalkenyl, (cyclolalkyDalkyl,
(REFRYFN)alkyl, (C,-Cy)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each R"¥*R'FN is independently selected, wherein R'*%
and R are each independently from the group con-
sisting of hydrogen, C, calkylOC(—O0)—, C, qalkyl,
C,_salkylC(—0)—, aryl, arylalkyl, cycloalkyl, and
heterocyclyl;

X is O (oxygen), S (sulfur), N (nitrogen) or NR';

each z is independently O, 1 or 2;

R is H (hydrogen) or C,_ alkyl;

X2 is C (carbon), CR'?, or N (nitrogen);

R!'?is H (hydrogen) or C,_, alkyl;

R, R', R'*, R'S, R'7, R*®, and R'® are each indepen-
dently selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O) NRZR'Z, —NHS
(O) NR'#R'7 ADC(:O)NRlERﬁF , —NHC(=0)

NRIERlF, fc(:O)NRlERlF, 7NR1ER1F,
—S(0).R'°, NHS(O),R'®, —NHC(—O)R'®,
—OC(=O)R'®, —C(—O)R'C, —C(—O0)OR'F,

hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cyalkoxy optionally substituted with up to 5
fluoro; and

each dashed line is an optional double bond.
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In certain embodiments a pharmaceutical composition is
provided comprising a pharmaceutically acceptable excipi-
ent, and a compound having the structure of Formula I:

or a pharmaceutically acceptable salt thereof,

wherein:

L' is selected from the group consisting of C,_, alkyl, C,_,
alkenyl, C,_s alkoxy, C,_s heteroalkyl, —CH,—C(R'°)
—N—, C,_; cycloalkyl, Cs_¢ cycloalkenyl, and arylal-
kyl, each optionally substituted with one or more R'4;

L7 is

RO
R® S
| / RIS
RI3
RS R7, R4 > or
RS
R
RIS
\
RIS N/ RV

R'° is hydrogen or R4,

R4 is hydroxy, halo, cyano, nitro, aryl, heteroaryl, het-
erocyclyl, arylalkyl, heteroarylalkyl, heterocyclylalkyl,
cycloalkyl, cycloalkenyl, (cyclolalkylalkyl,
(RPBR'““N)alkyl, (C,-Cy)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro,
said aryl, heteroaryl, heterocyclyl, arylalkyl, heteroary-

lalkyl, heterocyclylalkyl, cycloalkyl, cycloalkenyl,
and (cyclolalkyl)alkyl in the definition of R4 are
each optionally substituted with one or more R**%;
each R** is independently selected from the group con-
sisting of hydroxy, halo, cyano, nitro, aryl, heteroaryl,
heterocyclyl, arylalkyl, heteroarylalkyl, heterocyclylal-
kyl, cycloalkyl, cycloalkenyl, (cyclolalkylalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R! is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O),NR*2R'“, —NHS
(O)NR'PR'C,  —OC(=O)NR'"PR'“, —NHC(=0)
NRlBRl C, 4C(:O)NRIBR1C, 7NRIBR1C,
—S(O),R'P, —NHS(O)R'?, —NHC(=O)R'”, —OC
(=O)R'P, —C(=0)R'P, —C(—0)OR'P, hydroxy
(C,-Cyalkyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
(cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-Cyalkyl
optionally substituted with up to 5 fluoro, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;
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R? is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O),NR'ZR*¢, —NHS
(O)NR'PR'C,  —OC(=O)NR'"PR'“, —NHC(=0)
NRZRY C, —C(:O)NRlBRlc, —NRlBRIC,
—S(0),R*?, —NHS(O)R'P, —NHC(=0)R', —OC
(=0RP, —C(=0)R'P", —C(=0)OR'”, hydroxy
(C,-Cyalkyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
(cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-Cy)alkyl
optionally substituted with up to 5 fluoro, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;

R? is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O),NR*2R'“, —NHS
(O)NR'PR'C,  —OC(=O)NR'"PR'“, —NHC(=0)
NRlBRl C, 4C(:O)NRIBR1C, fNRlBRIC,
—S(0),R'P, —NHS(O)R'?, —NHC(=0)R'”, —OC
(=O)R'?, —C(=0)R'P, —C(—0)OR'P, hydroxy
(C,-Cyalkyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
(cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-Cy)alkyl
optionally substituted with up to 5 fluoro, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;

R* is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(O),NR'ZR*¢, —NHS
(O)NR'PR'¢, —OC(=0)NR'PR'“, —NHC(=0)
NRIZRL C, —C(:O)NRlBRlc, —NRlBRIC,
—S(0),R'P, —NHS(O)R'?, —NHC(=0)R'”, —OC
(=O)R'?, —C(=0)R'P, —C(—0)OR'P, hydroxy
(C,-Cyalkyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
(cyclolalkyl)alkyl, (C;-C,)cycloalkyl, (C,-Cy)alkyl
optionally substituted with up to 5 fluoro, and (C,-Cy)
alkoxy optionally substituted with up to 5 fluoro;

each NR'R!“is independently selected, wherein R'Z and
R are each independently from the group consisting
of hydrogen, C, .alkyl, aryl, arylalkyl, cycloalkyl, (cy-
cl(olalkgll)alkyl, (R'PER!““N)alkyl, and (R?PR'““N)
C(=0 —

R'? is independently selected from the group consisting
of hydroxy, aryl, heteroaryl, heterocyclyl, arylalkyl,
cycloalkyl, cycloalkenyl, (cyclolalkyDalkyl,
(RYZBR““N)alkyl, (C,-C,)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each R'##R'““N is independently selected, wherein R'5%
and R*““ are each independently from the group con-
sisting of hydrogen, C, calkylOC(—O0)—, C, qalkyl,
C,_salkylC(—0)—, aryl, arylalkyl, cycloalkyl, and

heterocyclyl;
R’ is selected from the group consisting of hydrogen,
hydroxy, fluoro, cyano, —S(0),NR' R,

—NHS(O).NR'ZR'¥, —OC(=—O0)NRZR'", — NHC

(—ONR'¥RY¥, —C(—O)NR“YR'¥, —NR“R!7,
—S(0)R'®, —NHS(O).R'®, —NHC(=—O)R'®,
—OC(—=O)R'®, —C(=O)R'S, —C(=0)OR'C,

hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C,-C,)cycloalkyl, (C;-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R® is selected from the group consisting of hydrogen,
hydroxy, fluoro, cyano, —S(0),NR**R7
—NHS(O).NR'"*R'F, —OC(=O)NR'*R', —NHC

(—O)NR“R', —C(—O)NR“YR!, — NR“R!7
—S(0)R'®, —NHS(O).R'®, —NHC(=—O)R'®,
—OC(—=O)R'®, —C(=O)R'S, —C(=0)OR'C,

hydroxy(C,-Cy)alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;-C,)cycloalkyl, (C,-
Cgalkyl, and (C,-Cy)alkoxy optionally substituted
with up to 5 fluoro;
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R7 is selected from the group consisting of hydrogen,
hydroxy, fluoro, cyano, —S(0) NR'ER,

~“NHS(O).NR'*R'7, —OC(—O)NR'*R'*, —NHC

(:O)NRIERIF, _C (:O)NRIERlF, — NR'“R7,
—§(O).R'Y, —NHS(O).R'®, —NHC(—O)R'?,
—OC(—O)R'®, —C(=O)R'®, —C(—0O)OR'?,

hydroxy(C,-Cy)alkyl, heteroaryl, heterocyclyl, arylal-
kyl, (cyclolalkylalkyl, (C;-C,)cycloalkyl, (C;-Cy)
alkyl optionally substituted with up to 5 fluoro, and
(C,-C¢)alkoxy, wherein at least one of R®>, RS or R” is
not hydrogen;

R® is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(Q),NR'*R'*, —NHS
(O)NRYRY, —OC(=0)NR'R'F, —NHC(=0)

NRIERYF, _C (:O)NRIERlF, — NRM“R7
—§(O).R'Y, —NHS(O),R'®, —NHC(—O)R'?,
—OC(—O)R'®, —C(=O)R'®, —C(—O)OR'?,

hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C;5-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

R® is selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(Q),NR'*R'*, —NHS
(O)NR' R, —OC(=O)NR'*R'F, —NHC(=0)

NRIERIF, 4C(:O)NR1ER1F, 7NR1ER1F,
—S(O),R', _NHS(O),R'®, —NHC(—O)R'®,
—OC(=O)R'®, —C(—O)R!S, —C(—0)OR'F,

hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C,-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

each NR'*R' is independently selected, wherein R** and
R are each independently from the group consisting
of hydrogen, C, salkyl, aryl, arylalkyl, cycloalkyl, (cy-
clolalkyDalkyl, (R**R"**N)alkyl, and (R**“R“¥"N)C
=0)—;

R'€ is independently selected from the group consisting
of hydroxy, aryl, heteroaryl, heterocyclyl, arylalkyl,
cycloalkyl, cycloalkenyl, (cyclolalkylalkyl,
(REERYFN)alkyl, (C,-Cy)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each R™*Z RN is independently selected, wherein R*%
and R are each independently from the group con-
sisting of hydrogen, C,_.alkylOC(—O)—, C, alkyl,
C,_¢alkylC(—0)—, aryl, arylalkyl, cycloalkyl, and
heterocyclyl;

X is O (oxygen), S (sulfur), N (nitrogen) or NR'*;

each z is independently 0, 1 or 2;

R is H (hydrogen) or C, ¢ alkyl;

X2 is C (carbon), CR'?, or N (nitrogen);

R'? is H (hydrogen) or C,_ alkyl;

R'?, R™, R'?, R'S, R'7 R'® and R’ are each indepen-
dently selected from the group consisting of hydrogen,
hydroxy, halo, cyano, nitro, —S(0),NR'*R'*, —NHS
(O)NR' R, —OC(=O)NR'*R'F, —NHC(=0)

NRIERIF, 4C(:O)NR1ER1F, 7NR1ER1F,
—S(O),R', _NHS(O),R'®, —NHC(—O)R'®,
—OC(=O)R'®, —C(—O)R!S, —C(—0)OR'F,

hydroxy(C,-Cylalkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, (cyclolalkylalkyl, (C,-C,)cycloalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro; and

each dashed line is an optional double bond.
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In certain embodiments a method of inhibiting p677*°*

protein is provided, the method comprising contacting
p67P7°* protein with a compound having the structure of
Formula I:

or a pharmaceutically acceptable salt thereof,

wherein:

L' is selected from the group consisting of C,_4 alkyl, C,_¢
alkenyl, C, 5 alkoxy, C,_ heteroalkyl, —CH,—C(R'°)
—N—, C,_¢ cycloalkyl, Cs_¢ cycloalkenyl, and arylal-
kyl, each optionally substituted with one or more R'%;

R is hydrogen or R,

L? is aryl or heteroaryl each optionally substituted with
one or more with one or more R*%;

each R is independently selected from the group con-
sisting of hydroxy, halo, cyano, nitro, aryl, heteroaryl,
heterocyclyl, arylalkyl, heteroarylalkyl, heterocyclylal-
kyl, cycloalkyl, cycloalkenyl, (cyclolalkylalkyl,
(RPERI““N)alkyl, (C,-C,)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro,
said aryl, heteroaryl, heterocyclyl, arylalkyl, heteroary-

lalkyl, heterocyclylalkyl, cycloalkyl, cycloalkenyl,
and (cyclolalkyl)alkyl in the definition of R** are
each optionally substituted with one or more R,
each R** is independently selected from the group con-
sisting of hydroxy, halo, cyano, nitro, aryl, heteroaryl,
heterocyclyl, arylalkyl, heteroarylalkyl, heterocyclylal-
kyl, cycloalkyl, cycloalkenyl, (cyclolalkylalkyl, (C,-
Cy)alkyl optionally substituted with up to 5 fluoro, and
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

each R** is independently selected from the group con-

sisting of hydroxy, halo, cyano, nitro, —S(O),

NR'PR'€, —NHS(0),NR'"PR'€, —0OC(=0)
NR!ZR'C, —NHC(=O)NRZR!, —C(=0)
NR'PR'C, —NR'"PR'“, —S(0),R'”, —NHS(O),R'?,
—NHC(=0)R'P?, —OC(=0)R'P, —C(=0)R'Z,
—C(=0)OR'", hydroxy(C,-Cyalkyl, aryl, het-

eroaryl, heterocyclyl, arylalkyl, (cyclolalkylalkyl, (C;-
C,)cycloalkyl, (C,-Cg)alkyl optionally substituted with
up to 5 fluoro, and (C,-Cy)alkoxy optionally substituted
with up to 5 fluoro;

R!, R?, R?, and R* are each independently selected from
the group consisting of hydrogen, hydroxy, halo, cyano,
nitro, —S(0),NR'”R'¢, —NHS(0),NR'”R'“, —OC
(=O)NR'PR'“, —NHC(=O)NR'PR'C, —C(=0)
NR!PR'C, —NRR!¢, —S(0O),R'P, —NHS(O),R'Z,
—NHC(=O)R'”, —OC(=0)R'"”, —C(=O)R'",
—C(=0)OR'?, hydroxy(C,-Cyalkyl, aryl, het-
eroaryl, heterocyclyl, arylalkyl, (cyclolalkylalkyl, (C;-
C,)cycloalkyl, (C,-Cy)alkyl optionally substituted with
up to 5 fluoro, and (C,-Cy)alkoxy optionally substituted
with up to 5 fluoro;

each NR'ZR!“ is independently selected, wherein R'% and
R are each independently from the group consisting
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of hydrogen, C, salkyl, aryl, arylalkyl, cycloalkyl, (cy-
clolalkyl)alkyl, (R'¥#R*““N)alkyl, and (R'®ZR'““N)
C(=0)y—:

each R'Z is independently selected from the group con-
sisting of hydroxy, aryl, heteroaryl, heterocyclyl, ary-
lalkyl, cycloalkyl, cycloalkenyl, (cyclolalkyl)alkyl,
(RPBR““N)alkyl, (C,-C,)alkyl optionally substituted
with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

5

each R'?ZR*““N is independently selected, wherein R*%% 10

and R*““ are each independently from the group con-
sisting of hydrogen, C,_.alkylOC(—O)—, C, alkyl,
C,_¢alkylC(—0)—, aryl, arylalkyl, cycloalkyl, and
heterocyclyl;

X is O (oxygen), S (sulfur), N (nitrogen) or NR''; each z

is independently 0, 1 or 2;

R is H (hydrogen) or C, ¢ alkyl;

X2 is C (carbon), CR'?, or N (nitrogen);

R'? is H (hydrogen) or C,_ alkyl; and

each dashed line is an optional double bond.

Examples of methods provided herein include a method
of treating neutrophil infiltration, hemorrhagic shock or lung
inflammation in an individual, a method for evaluating the
inhibition of p677#°* protein by performing in vitro testing
and evaluating the results, and a method for evaluating the
inhibition of p677#°* protein by performing in vivo testing
and evaluating the results.

In certain embodiments a compound, composition or
method as disclosed herein is provided, wherein the com-
pound having the structure of Formula I has the structure of
Formula II,

I

Rr3

or a pharmaceutically acceptable salt thereof,

wherein:

R®, R% R7, R® and R® are each independently selected
from the group consisting of hydrogen, hydroxy, halo,

cyano, nitro, —S(0) NR'*R'¥, —NHS(O),NR'*R'7,
—OC(=0)NR'*R'* —NHC(=O)NR'*R'7
—C(=0)NR"™RY  —NR*¥R'¥ —S§(0),R'¢, —NHS
(O),R'C, —NHC(=O0)R', —OC(=0)R'°,

—C(=0)R'“, —C(=0)OR'“, hydroxy(C,-C,)alkyl,
aryl, heteroaryl, heterocyclyl, arylalkyl, (cyclolalkyl)
alkyl, (C;-C,)cycloalkyl, (C,-Cy)alkyl optionally sub-
stituted with up to 5 fluoro, and (C,-C)alkoxy option-
ally substituted with up to 5 fluoro;

each NR'*R'7 is independently selected, wherein R*Z and
R'Z are each independently from the group consisting
of hydrogen, C, .alkyl, aryl, arylalkyl, cycloalkyl, (cy-

clolalkyDalkyl, (R**R**N)alkyl, and (R**“R“¥"N)C

each R'“ is independently selected from the group con-
sisting of hydroxy, aryl, heteroaryl, heterocyclyl, ary-
lalkyl, cycloalkyl, cycloalkenyl, (cyclolalkyl)alkyl,
(RY™EEFRYFN)alkyl, (C,-Cy)alkyl optionally substituted

20

30

35

40

45

20

with up to 5 fluoro, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro; and

each R™*£R'¥N is independently selected, wherein R**%
and R are each independently from the group con-
sisting of hydrogen, C, ,alkylOC(—O)—, C, qalkyl,
C,_salkylC(—0)—, aryl, arylalkyl, cycloalkyl, and
heterocyclyl.

In certain embodiments a compound, composition or

method as disclosed herein is provided, wherein the com-
pound having the structure of Formula II has the structure of
Formula Ia, Formula Ib, Formula Ic, or Formula Id,

(a)

(Ib)

(e)

d)

or a pharmaceutically acceptable salt thereof.
In certain embodiments a compound, composition or

65 method as disclosed herein is provided, wherein the com-

pound having the structure of Formula Ia has the structure of
Formula Iaa, Iab, or Iac,
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(laa)

(Iab)

(lac)

or a pharmaceutically acceptable salt thereof.

In certain embodiments a compound, composition or
method as disclosed herein is provided, wherein the com-
pound having the structure of Formula Ib has the structure
of Formula Iba,

(Iba)
RIA

R2

R4
RS

RS

a pharmaceutically acceptable salt thereof,
wherein:

R is aryl or heteroaryl, said aryl and heteroaryl in the
definition of R' are each optionally substituted with
one or more R'4,

In certain embodiments a compound, composition or
method as disclosed herein is provided, wherein the com-
pound having the structure of Formula Ic has the structure of
Formula Ica or Icb,

10

15

20

25

30

35

40

45

(Ica)

or

(Icb)

or a pharmaceutically acceptable salt thereof.

In certain embodiments a compound, composition or
method as disclosed herein is provided, wherein the com-
pound having the structure of Formula Id has the structure
of Formula Ida,

(Ida)

or a pharmaceutically acceptable salt thereof.
In certain embodiments a compound, composition or

50 method as disclosed herein is provided,

55

60

wherein:

R!, R?, R?, and R* are each independently selected from
the group consisting of hydrogen, hydroxy, halo, cyano,
nitro, —S(O),NR'PR'€, —C(=0)NR'"PR'“,
—NR'PR'C,  —NHS(O)R'”, —NHC(=O)R'",
—C(=0)R'P, —C(=0)OR'P, hydroxy(C,-C,)alkyl,
(C,-Cy)alkyl optionally substituted with up to 5 fluoro,
and (C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

each NR'R!“is independently selected, wherein R'Z and
R are each independently from the group consisting
of hydrogen, and C, _salkyl; and

each R'? is independently selected from the group con-
sisting of (C,-Cy)alkyl optionally substituted with up to
5 fluoro, and (C, -Cy)alkoxy optionally substituted with
up to 5 fluoro.
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In certain embodiments a compound, composition or

method as disclosed herein is provided,

wherein:

R®, R% R7, R® and R® are each independently selected
from the group consisting of hydrogen, halo, nitro,
—NRY™RM, (C,-Cy)alkyl optionally substituted with
up to 5 fluoro, and (C,-Cy)alkoxy optionally substituted
with up to 5 fluoro; and

each NR'*R' is independently selected, wherein R'* and
R'Z are each independently from the group consisting
of hydrogen, and C,_salkyl.

In certain embodiments a compound, composition or

method as disclosed herein is provided,

wherein:

L' is selected from the group consisting of —CH,—C
(RH)=N—, propyl, propenyl, ethoxy, cyclopentyl,
cyclopentenyl, and benzyl, each optionally substituted
with one or more R';

each R' is independently selected from the group con-
sisting of aryl, and heteroaryl,
said aryl and heteroaryl in the definition of R** are each

optionally substituted with one or more R';

each R4 is independently selected from the group con-
sisting of halo and (C,-Cy)alkoxy optionally substi-
tuted with up to 5 fluoro;

X is O (oxygen), N (nitrogen) or NR*!;

R'! is H (hydrogen); and

X? is C (carbon), —CH—, or N (nitrogen).

In certain embodiments a compound, composition or

method as disclosed herein is provided,

wherein:

L' is selected from the group consisting of —CH,—C
(R'©)=N—, propyl, propenyl, ethoxy, cyclopentyl,
cyclopentenyl, and benzyl, each optionally substituted
with one or more R';

each R' is independently selected from the group con-
sisting of aryl, and heteroaryl,
said aryl and heteroaryl in the definition of R** are each

optionally substituted with one or more R';

each R4 is independently selected from the group con-
sisting of halo and (C,-Cy)alkoxy optionally substi-
tuted with up to 5 fluoro;

R', R?, R?, and R* are each independently selected from
the group consisting of hydrogen, hydroxy, halo, cyano,
nitro, —S(0),NR'PR'€, —C(=0)NR'PR!€,
—NR'PR'®, —NHS(O),R'”, —NHC(=O)R'",
—C(=0)R'P, —C(=0)OR'P, hydroxy(C,-C,)alkyl,
(C,-Cy)alkyl optionally substituted with up to 5 fluoro,
and (C,-Cy)alkoxy optionally substituted with up to 5
fluoro;

each NR'ZR'“ is independently selected, wherein R*Z and
R are each independently from the group consisting
of hydrogen, and C, _salkyl;

each R'? is independently selected from the group con-
sisting of (C,-Cy)alkyl optionally substituted with up to
5 fluoro, and (C,-Cy)alkoxy optionally substituted with
up to 5 fluoro;

R®, R% R7, R® and R® are each independently selected
from the group consisting of hydrogen, halo, nitro,
—NRM™RM, (C,-Cy)alkyl optionally substituted with
up to 5 fluoro, and (C, -C)alkoxy optionally substituted
with up to 5 fluoro;

each NR'*R' is independently selected, wherein R'* and
R are each independently from the group consisting
of hydrogen, and C, _salkyl;
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X is O (oxygen), N (nitrogen) or NR'!;

R is H (hydrogen); and

X2 is C (carbon), —CH—, or N (nitrogen).

In certain embodiments a compound, composition or
method as disclosed herein is provided, wherein the com-
pound having the structure of Formula I has the structure of
Formula III,

11
Rl

R2

R? L2,

=z

R4

or a pharmaceutically acceptable salt thereof.

In certain embodiments a compound, composition or
method as disclosed herein is provided, wherein the com-
pound having the structure of Formula III has the structure
of Formula IIla or Formula IIIb,

IIIa

R! H

N
H

Ll
RZ

R3

1IIb

or a pharmaceutically acceptable salt thereof.

In certain embodiments a compound, composition or

method as disclosed herein is provided,

wherein:

R! is hydrogen;

R? is selected from the group consisting of hydrogen,
fluoro, bromo, —S(0Q),NRR'“, and (C,-Cy)alkoxy
optionally substituted with up to 5 fluoro;

R? is hydrogen;

R* is selected from the group consisting of hydrogen,
nitro, —C(=0)R?*”, and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro, wherein R* or R* is not
hydrogen;

each NR'ZR!“ is independently selected, wherein R'% and
R' are each independently from the group consisting
of hydrogen, and C,_jalkyl; and R?? is hydroxy.

In certain embodiments a compound, composition or

method as disclosed herein is provided,

wherein:

L' is selected from the group consisting of —CH,—C
(R'9)—=N—, propyl, propenyl, ethoxy, cyclopentyl,
cyclopentenyl, and benzyl, each optionally substituted
with one or more R

each R is independently selected from the group con-
sisting of aryl, and heteroaryl,
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said aryl and heteroaryl in the definition of R** are each
optionally substituted with one or more R4,

each R4 is independently selected from the group con-
sisting of halo and (C,-Cy)alkoxy optionally substi-
tuted with up to 5 fluoro;

R! is hydrogen;

R? is selected from the group consisting of hydrogen,
fluoro, bromo, —S(O),NR'?R'€, and (C,-Cy)alkoxy
optionally substituted with up to 5 fluoro;

R? is hydrogen;

R* is selected from the group consisting of hydrogen,
nitro, —C(=0)R?*”, and (C,-Cyalkoxy optionally
substituted with up to 5 fluoro, wherein R* or R* is not
hydrogen;

each NR'ZR'“ is independently selected, wherein R*® and
R'“ are each independently from the group consisting
of hydrogen, and C, .alkyl;

R?? is hydroxy;

R® is selected from the group consisting of hydrogen,
hydroxy and halo;

RS is selected from the group consisting of hydrogen,
halo, nitro, and (C,-Cy)alkoxy optionally substituted
with up to 5 fluoro;

R’ is selected from the group consisting of hydrogen and
nitro;

R® is hydrogen;

R? is hydrogen;

X is O (oxygen), N (nitrogen) or NR*!;

R is H (hydrogen); and

X?is C (carbon), —CH—, or N (nitrogen).

In certain embodiments a compound, composition or

method as disclosed herein is provided,

wherein:

L' is selected from the group consisting of —CH,—C
(R'©)=N—, propyl, propenyl, ethoxy, cyclopentyl,
cyclopentenyl, and benzyl, each optionally substituted
with one or more R'4;

each R' is independently selected from the group con-
sisting of aryl, and heteroaryl,
said aryl and heteroaryl in the definition of R' are each

optionally substituted with one or more R'4;

each R** is independently selected from the group con-
sisting of halo and (C,-Cy)alkoxy optionally substi-
tuted with up to 5 fluoro;

R! is hydrogen;

R? is selected from the group consisting of hydrogen,
fluoro, bromo, —S(O),NR*PR'“, and (C,-Cy)alkoxy
optionally substituted with up to 5 fluoro;

R? is hydrogen;

R* is selected from the group consisting of hydrogen,
nitro, —C(=0)R'?, and (C,-Cyalkoxy optionally
substituted with up to 5 fluoro, wherein R* or R* is not
hydrogen;

each NR'ZR'“ is independently selected, wherein R'Z and
R'“ are each independently from the group consisting
of hydrogen, and C, _salkyl;

R'? is hydroxy;

R® is selected from the group consisting of hydrogen,
hydroxy and fluoro;

RS is selected from the group consisting of hydrogen,
fluoro, and (C,-Cy)alkoxy optionally substituted with
up to 5 fluoro, wherein R’ or R® is not hydrogen;

R’ is hydrogen;

R® is hydrogen;

R? is hydrogen;
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X is O (oxygen), N (nitrogen) or NR'!;

R is H (hydrogen); and

X2 is C (carbon), —CH—, or N (nitrogen).

In certain embodiments a compound, composition or

method as disclosed herein is provided,

wherein:

R! is hydrogen;

R? is selected from the group consisting of fluoro, bromo,
—S(0),NR'PR'€, and (C,-C,)alkoxy optionally sub-
stituted with up to 5 fluoro;

R? is hydrogen;

R* is selected from the group consisting of hydrogen,
nitro,. —C(;O)RlD , and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each NR'R!“is independently selected, wherein R'Z and
R are each independently from the group consisting
of hydrogen, and C, _salkyl; and

R is hydroxy.

In certain embodiments a compound, composition or

method as disclosed herein is provided,

wherein:

L' is selected from the group consisting of —CH,—C
(R'©)=N—, propyl, propenyl, ethoxy, cyclopentyl,
cyclopentenyl, and benzyl, each optionally substituted
with one or more R

each R is independently selected from the group con-
sisting of aryl, and heteroaryl,
said aryl and heteroaryl in the definition of R are each

optionally substituted with one or more R**;

each R4 is independently selected from the group con-
sisting of halo and (C,-Cy)alkoxy optionally substi-
tuted with up to 5 fluoro;

R! is hydrogen;

R? is selected from the group consisting of fluoro, bromo,
—S(0),NR'PR'€, and (C,-C,)alkoxy optionally sub-
stituted with up to 5 fluoro;

R? is hydrogen;

R* is selected from the group consisting of hydrogen,
nitro,. —C(;O)RlD , and (C,-Cy)alkoxy optionally
substituted with up to 5 fluoro;

each NR'R!“is independently selected, wherein R'Z and
R are each independently from the group consisting
of hydrogen, and C, _salkyl;

R is hydroxy;

R’ is selected from the group consisting of hydrogen,
hydroxy and fluoro;

R® is selected from the group consisting of hydrogen,
fluoro, and (C,-Cy)alkoxy optionally substituted with
up to 5 fluoro;

R7 is selected from the group consisting of hydrogen and
nitro;

R® is hydrogen;

R is hydrogen, wherein one or more of R®, R, or R” is
not hydrogen or methyl;

X is O (oxygen), N (nitrogen) or NR'!;

R is H (hydrogen); and

X2 is C (carbon), —CH—, or N (nitrogen).

In certain embodiments a compound, composition or

method as disclosed herein is provided,

wherein:

R! is hydrogen;

R? is selected from the group consisting of hydrogen,
fluoro, bromo, —S(0),NR*PR'“, and (C,-Cy)alkoxy
optionally substituted with up to 5 fluoro;

R? is hydrogen;

R* is selected from the group consisting of hydrogen,
nitro, —C(=0)R'?, and (C,-Cyalkoxy optionally
substituted with up to 5 fluoro, wherein R* or R* is not
hydrogen;
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R'? and R'€ are each independently from the group -continued
consisting of hydrogen, and C,_.alkyl; and

R'? is hydroxy.

In certain embodiments a compound, composition or s

method as disclosed herein is provided,

wherein:

L' is selected from the group consisting of —CH,—C
(R'9)—=N—, propyl, propenyl, ethoxy, cyclopentyl,
cyclopentenyl, and benzyl, each optionally substituted
with one or more R';

10

each R' is independently selected from the group con-
sisting of aryl, and heteroaryl,

said aryl and heteroaryl in the definition of R' are each !>

optionally substituted with one or more R4,

each R4 is independently selected from the group con-

sisting of halo and (C,-Cy)alkoxy optionally substi-
tuted with up to 5 fluoro; 20

R! is hydrogen;

R? is selected from the group consisting of hydrogen,
fluoro, bromo, —S(O),NR'?R'€, and (C,-C)alkoxy
optionally substituted with up to 5 fluoro; 25

R? is hydrogen; \)

R* is selected from the group consisting of hydrogen,

N
nitro, —C(=0)R'?, and (C,-Cyalkoxy optionally H ,
substituted with up to 5 fluoro, wherein R* or R* is not 30
hydrogen;
R'? and R'“ are each independently from the group ON ‘
consisting of hydrogen, and C,_salkyl; g
R'? is hydroxy; i NO,,
R’ is selected from the group consisting of hydrogen, g
hydroxy and fluoro; o
R® is selected from the group consisting of fluoro, and -~
(C,-Cy)alkoxy optionally substituted with up to 5
fluoro; 40
R is hydrogen;
R? is hydrogen; ‘
R? is hydrogen;
X is O (oxygen), N (nitrogen) or NR''; * NOy,

Tz

R is H (hydrogen); and
X? is C (carbon), —CH—, or N (nitrogen). HO o

In certain embodiments a compound, composition or

50
method as disclosed herein is provided including a com-
pound having the structure:
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or a pharmaceutically acceptable salt thereof.

In certain embodiments a compound, composition or
method as disclosed herein is provided including a com-
pound having the structure: 40

45
50
55
60
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34

-continued

Cl

or a pharmaceutically acceptable salt thereof.

In certain embodiments a compound, composition or
method as disclosed herein is provided wherein the com-
pound is not:

=z

or a pharmaceutically acceptable salt thereof.

In certain embodiments a compound, composition or
method as disclosed herein is provided wherein L is C;
alkenyl.

DEFINITIONS

Unless specific definitions are provided, the nomencla-
tures utilized in connection with, and the laboratory proce-
dures and techniques of, analytical chemistry, synthetic
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organic chemistry, and medicinal and pharmaceutical chem-
istry described herein are those known in the art. Standard
chemical symbols are used interchangeably with the full
names represented by such symbols. Thus, for example, the
terms “hydrogen” and “H” are understood to have identical
meaning. Standard techniques may be used for chemical
syntheses, chemical analyses, pharmaceutical preparation,
formulation, and delivery, and treatment of patients.

As used herein, the following terms are defined with the
following meanings, unless expressly stated otherwise.

The term “alkyl” refers to a branched or unbranched fully
saturated acyclic aliphatic hydrocarbon group. An alkyl may
be branched or straight chain. Alkyls may be substituted or
unsubstituted. Alkyls include, but are not limited to, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, pen-
tyl, hexyl, and the like, each of which may be optionally
substituted.

In certain embodiments, an alkyl comprises 1 to 20 carbon
atoms (whenever it appears herein, a numerical range such
as “1 to 20 refers to each integer in the given range; e.g.,
“l to 20 carbon atoms” means that an alkyl group may
comprise only 1 carbon atom, 2 carbon atoms, 3 carbon
atoms, etc., up to and including 20 carbon atoms, although
the term “alkyl” also includes instances where no numerical
range of carbon atoms is designated). An alkyl may be
designated as “C,-C alkyl” or similar designations. By way
of example only, “C,-C, alkyl” indicates an alkyl having
one, two, three, or four carbon atoms, e.g., the alkyl is
selected from methyl, ethyl, propyl, iso-propyl, butyl, iso-
butyl, sec-butyl, and tert-butyl.

The term “alkenyl” used herein refers to a straight or
branched chain aliphatic hydrocarbon of from two to twenty
carbon atoms containing at least one carbon-carbon double
bond including, but not limited to, 1-propenyl, 2-propenyl,
2-methyl-1-propenyl, 1-butenyl, 2-butenyl, and the like. In
certain embodiments, an alkenyl comprises 2 to 20 carbon
atoms (whenever it appears herein, a numerical range such
as “2 to 20” refers to each integer in the given range; e.g.,
“2 to 20 carbon atoms” means that an alkenyl group may
comprise only 2 carbon atoms, 3 carbon atoms, etc., up to
and including 20 carbon atoms, although the term “alkenyl”
also includes instances where no numerical range of carbon
atoms is designated). An alkenyl may be designated as
“C,-Cg alkenyl” or similar designations. By way of example
only, “C,-C, alkenyl” indicates an alkenyl having two, three,
or four carbon atoms, e.g., the alkenyl is selected from
ethenyl, propenyl, and butenyl.

The term “cycloalky]l” used herein refers to saturated
aliphatic ring system having three to twenty carbon atoms.
A cycloalkyl refers to monocyclic and polycyclic saturated
aliphatic ring system including, but not limited to, cyclo-
propyl, cyclopentyl, cyclohexyl, cycloheptyl, bicyclo[4.4.0]
decanyl, bicyclo[2.2.1]heptanyl, adamantyl, norbornyl, and
the like. In certain embodiments, a cycloalkyl comprises 3 to
20 carbon atoms (whenever it appears herein, a numerical
range such as “3 to 20” refers to each integer in the given
range; e.g., “3 to 20 carbon atoms” means that a cycloalkyl
group may comprise only 3 carbon atoms, etc., up to and
including 20 carbon atoms, although the term “cycloalkyl”
also includes instances where no numerical range of carbon
atoms is designated). A cycloalkyl may be designated as
“C;-C, cycloalkyl” or similar designations. By way of
example only, “C;-C4 cycloalkyl” indicates a cycloalkyl
having two, three, four, five or six carbon atoms, e.g., the
cycloalkyl is selected from cyclopropyl, cyclobutyl, cyclo-
pentyl, and cyclohexyl.
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The term “cycloalkenyl” used herein refers to aliphatic
ring system having three to twenty carbon atoms having at
least one carbon-carbon double bond in the ring. A cycloalk-
enyl refers to monocyclic and polycyclic unsaturated ali-
phatic ring system including, but are not limited to, cyclo-
propenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl,
bicyclo[3.1.0]hexyl, norbornylenyl, 1,1'-bicyclopentenyl,
and the like. In certain embodiments, a cycloalkenyl com-
prises 3 to 20 carbon atoms (whenever it appears herein, a
numerical range such as “3 to 20” refers to each integer in
the given range; e.g., “3 to 20 carbon atoms” means that a
cycloalkenyl group may comprise only 3 carbon atoms, etc.,
up to and including 20 carbon atoms, although the term
“cycloalkenyl” also includes instances where no numerical
range of carbon atoms is designated). A cycloalkenyl may be
designated as “C;-C, cycloalkenyl” or similar designations.
By way of example only, “C;-C, cycloalkenyl” indicates an
alkenyl having two, three, four, five or six carbon atoms,
e.g., the cycloalkyl is selected from cyclopropenyl,
cyclobutenyl, cyclopentenyl, and cyclohexenyl.

The term “alkoxy” used herein refers to straight or
branched chain alkyl covalently bonded to oxygen where the
“alkoxy” is attached to the parent molecule through at least
an oxygen linkage. Where an “alkoxy” substituent requires
two points of attachment to the rest of the molecule the
“alkoxy” is attached to the parent molecule through an
oxygen linkage and a carbon linkage. Examples of alkoxy
groups include, but are not limited to, methoxy, ethoxy,
propoxy, isopropoxy, butoxy, n-butoxy, sec-butoxy, t-butoxy
and the like. An alkoxy may be designated as “C,-Cq
alkoxy” or similar designat